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Apparent digestible protein, energy and amino acid
availability of three plant proteins in Florida pompano,
Trachinotus carolinus L. in seawater and low-salinity water
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Abstract

Two experiments were conducted with Florida pompano,
Trachinotus carolinus L. at 3 and 28 g L™" salinity to deter-
mine apparent crude protein digestibility (ACPD), energy
digestibility (AED) and amino acid availability (AAAA)
from soybean meal (SBM), soy protein isolate (SPI) and corn
gluten meal (CGM). Mean AAAA was similar to ACPD. In
fish adapted to 3 g L' salinity, they were 81.2% and 81.9%
(CGM), 93.6% and 92.2% (SBM), 93.8% and 93.1% (SPI)
for AAAA and ACPD respectively. In fish adapted to
28 g L', they were 84.5% and 83.4% (CGM), 86.5% and
87.1% (SBM), and 83.4% and 85.0% (SPI) for AAAA and
ACPD respectively. The AED was highest for SPI and lowest
for SBM and inversely related to carbohydrate. The ACPD,
AED and AAAA of soy products appeared to be lower in
high salinity, whereas CGM was unaffected. The data suggest
that SBM, SPI and CGM should be further evaluated as
partial fishmeal replacements in Florida pompano diets.
Application of the generated coefficients can be used to
develop well-balanced, low-cost diets for Florida pompano
reared in low salinity or seawater.
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Introduction

Florida pompano, Trachinotus carolinus L. is a euryhaline
species representing a small marine fishery in Florida with an
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estimated 227 000 kg total annual catch; however, because of
its highly prized taste and texture it maintains a high market
demand. Florida pompano tolerate a wide range of salinities,
stress, readily consume pelleted rations, successfully breed in
captivity, and are an excellent candidate for aquaculture
(McMaster et al. 2004). There is increased interest in rearing
euryhaline species such as Florida pompano in freshwater or
low-salinity conditions. However, nutritionally balanced
diets do not exist for Florida pompano presenting an
obstacle to development of large-scale commercial produc-
tion in low salinity.

High quality fish meal is the best source of protein for fish,
particularly for carnivorous species. However, replacement
of fish meal with alternative protein sources will increase
sustainability and profitability (Glencross et al. 2007). In
addition to palatability and anti-nutritional concerns, use of
ingredients as alternatives to fishmeal is limited by unknown
availability of nutrients. Apparent digestibility coefficients of
feed ingredients exist for only a few fish species, but not
Florida pompano. To develop low-cost, low-polluting diets
that achieve maximum efficiency, nutrient requirements and
nutrient availability from dietary ingredients must be deter-
mined to implement least-cost formulation of economical
and balanced diets.

There is also evidence that salinity affects nutrient digest-
ibility (Lall & Bishop 1976; MacLeod 1977; Dabrowski et al.
1986; Krogdahl er al. 2004). Digestibility in Golden-line
seabream, Sparus sarba (Forsskal) was higher in low salinity
relative to isosmotic or full-strength seawater (Woo & Kelly
1995). Similarly, protein digestibility in milkfish, Chanos
chanos (Forsskal) was elevated in freshwater relative to
saltwater (Ferraris et al. 1986). Zeitoun et al. (1973) also
suggested that protein requirements of rainbow trout,
Oncorhynchus mykiss (Walbaum) were higher with increasing
salinity.
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We hypothesized protein digestibility and amino acid (AA)
availability would be different in low-salinity adapted Florida
pompano than saltwater adapted Florida pompano. There-
fore, the objective was to determine apparent digestibility of
crude protein (CP), energy, and AA availability from soy-
bean meal (SBM), soy protein isolate (SPI) and corn gluten
meal (CGM) at both 3 and 28 g L™! salinity representing the
known range of salinity supporting normal growth of Florida
pompano.

Materials and methods

Florida pompano broodstock were spawned at the USDA,
Agricultural Research Service’s Center for Reproduction and
Larviculture, Fort Pierce, Florida, USA. Postlarval juveniles
were reared at 28 °C and 30 g L™' salinity. Fish were fed a
commercial diet (EPAC-CW or IDL-CW; INVE Americas,
Salt Lake City, UT, USA) until they were approximately 3 g
in weight. Fish were subsequently transferred to a nursery
system where they were held at 28 °C and 7 g L™' salinity
and fed a commercial trout diet (Silver Cup; Nelson & Sons,
Inc., Murray, UT, USA) until they were approximately 75 g
in weight at which time they were acclimated to 3 or 28 g L™
salinity over a 1-week period.

Two simultaneous 4 x 4 Latin squares were set up to
evaluate the three feed ingredients at 3 and 28 g L™ salinity.
Two 8750 L recirculating systems with sand, bead, cartridge
and carbon filtration, and ultraviolet light sterilization were
used. Both systems were maintained at 28 °C. Four 100-L
tanks in each system with nominal flow rates of 3 L min™"
served as experimental units. Fish were maintained under a
natural light cycle approximating 13 h light and 11 h dark.

A menhaden fish meal based formulation meeting the
known protein and energy requirements for pompano served
as the reference diet (Table 1). Solvent-extracted SBM
(Rangen, Inc., Buhl, ID, USA), SPI (Archer Daniels Mid-
land, Decatur, IL, USA) and CGM (Rangen, Inc.) were
substituted at 300 g kg™' for 300 g kg™" of the reference diet
utilizing a modified diet replacement method. All diets
incorporated yttrium oxide (Y,05) at 5 g kg™ of the diet as
an inert marker. Feed ingredients were ground via ham-
mermill (Prater Industries, Inc., Chicago, IL, USA) to pass a
250 micron screen. Dry feed ingredients were mixed in a
V-mixer (Patterson-Kelley, East Stroudsburg, PA, USA).
Following addition of water and oil, complete diets were cold
extruded and dried at 60 °C for 24 h. Pelleted diets were
stored at —20 °C until fed.

Twenty and 15 fish each, were stocked into 28 and 3 g L™
salinity experimental units respectively. Fish were fed a

Table 1 Reference and test diets used to determine digestibility of
crude protein, energy and amino acid availability from soybean meal,
soy protein isolate, and corn gluten meal in Florida pompano
Trachinotus carolinus

Reference Test
Ingredient (g kg™' dry diet) diet diets
Test ingredient 0.0 300.0
Menhaden meal (low temperature)’ 338.5 237.0
Soybean meal (solvent extracted)? 221.0 154.7
Corn gluten meal? 68.0 47.6
Porcine blood meal (spray dried)? 30.0 21.0
Fish solubles (dehydrated)3 60.0 42.0
Shrimp meal? 50.0 35.0
Dextrin (type-ll from corn)* 22.0 15.4
Menhaden oil (stabilized)® 139.0 97.3
Sipernat 50° 10.0 7.0
Mineral premix’ 15.0 10.5
Vitamin premix® 5.0 3.5
Lecithin® 1.0 0.7
Ascorbyl-2-monophosphate® 0.5 0.4
a-Cellulose™® 15.0 9.0
Carboxymethyl cellulose™ 20.0 14.0
Yttrium oxide'® 5.0 5.0

' Special Select™, Omega Protein, Inc., Houston, TX, USA.

2 Rangen Inc., Buhl, ID, USA.

3 International Proteins Corp., Minneapolis, MN, USA.

4 MP Biomedicals, Solon, OH, USA.

5 Alkali refined and stabilized with 500 ppm ethoxyquin, Omega
Protein, Inc., Hammond. LA, USA.

© Degussa Corp., Parsippany, NJ, USA.

7 Mineral premix contained the following (g kg™ premix): CaH-
PO,, 350.0; CaSO42H,0, 100.0; KH,PO,4, 200.0; MgSO,47H,0, 84.0;
FeS0O47H,0, 16.0; ZnSO47H,0, 3.0; MnSO4H,0, 2.0; CuCly2H,0,
1.0; KF, 0.23; KI, 0.1; NaMoO42H,0, 0.05; CoCl,-6H,0, 0.02; Na,.
SeOs, 0.01.

8 Roche Vitamins Inc, Parsippany, NJ, USA.

9 USB, Cleveland, OH, USA.

19 Sigma-Aldrich, St. Louis, MO, USA.

commercial diet and allowed a 4-day acclimation to the new
environment. At initiation of the experiment, fish were
switched to their assigned experimental diet and fed 4.7%
body weight per day divided between a morning and after-
noon feeding. Faecal samples were collected on day 5 and
day 7 of being fed the experimental diets. Faecal samples
were collected 34 h following the morning feeding on day of
collection.

Prior to faecal collection, fish were anaesthetized with
75 mg L' tricaine methanesulphonate (MS-222; Western
Chemical, Inc., Ferndale, WA, USA). Upon induction of
stage IV anaesthesia, the area around the anus was dried with
a towel and faecal samples collected by gentle expression of
the lower gastrointestinal tract (Austreng 1978). Immature
fish were used and care was taken not to contaminate sam-
ples with urine. Following collection, fish were resuscitated
and placed back into the experimental unit. Faeces collected
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on both day 5 and 7 were pooled into one sample. Diets were
reassigned to the experimental units and procedures were
repeated until all four experimental units received each of the
four diets (4 weeks).

Feed and pooled faecal samples were analysed for yttrium
(Y), nitrogen (N), gross energy (GE) and AA. Proximate
composition of reference and test diets was determined and
test ingredients were analysed for each ingredient’s contri-
bution of nutrients to the test diet (Table 2). Coefficients
were calculated as the ratio of nutrient and marker in feed
and faeces (Maynard & Loosli 1969) and adjusted for
nutrient concentration (Forster 1999).

Test ingredients, feed and faecal samples were lyophilized
to a constant weight and stored at —80 °C until analysis.
Nitrogen was determined following combustion (TruSpec
N-elemental analyser; Leco Corp., St. Joseph, MI, USA)
and CP calculated as N x 6.25. GE was determined by

Nutrient availability in pompano

adiabatic bomb calorimetry (Parr 1266; Parr Instruments
Co., Moline, IL, USA). Ash was determined following
incineration at 600 °C for 2 h (AOAC 2002). Crude lipid
was  determined  gravimetrically  following  chloro-
form : methanol extraction (Bligh & Dyer 1959) in a
Soxhlet apparatus. Crude fibre was determined by a com-
mercial laboratory (Barrow-Agee Laboratories, Memphis,
TN, USA).

Amino acids were analysed by a commercial laboratory
(Midwest Laboratories, Inc., Omaha, NE, USA). Briefly,
samples were hydrolyzed with 6 N HCl at 110 °C for 24 h. A
separate aliquot was analysed for cysteine (Cys) and methi-
onine (Met) following performic acid oxidation to cysteic
acid and methionine sulphone. Amino acids were separated
using a C-18 reverse phase HPLC column and quantified
with a photodiode array detector following postcolumn

derivatization with ninhydrin.

Table 2 Analysed composition (g kg™')
of test ingredients and experimental

Test ingredient

225

diets fed to Florida pompano Trachino- cGMm’ SBM? SPI Reference CGM  SBM SPI
tus carolinus International feed no. 5-28-242  5-04-612 - diet diet diet diet

Proximate components
Dry matter 917.0 894.0 915.0 947.0 884.0 882.0 926.0
Crude protein 653.0 474.0 885.0 523.0 542.0 498.0 628.0
Crude lipid 22.0 11.0 2.0 160.0 118.0 107.0 108.0
Ash 26.0 57.0 39.0 144.0 103.0 123.0 110.0
Fibre 8.0 33.0 2.0 34.0 27.0 35.0 24.0
NFE* 214.0 342.0 0.0 86.0 94.0 119.0 56.0
Gross energy (kJ g7) 20.9 17.4 20.9 21.0 21.7 20.8 21.9

Indispensable amino acids
Arginine 21.1 34.9 60.3 26.5 22.6 27.6 37.6
Histidine 19.8 14.4 17.0 13.5 12.5 12.7 15.9
Isoleucine 24.2 19.7 42.2 20.5 19.3 18.4 27.3
Leucine 84.8 40.4 75.0 46.7 60.9 394 52.5
Lysine 10.0 30.6 53.6 32.6 25.3 31.4 37.6
Methionine 24.4 10.3 10.9 13.5 143 12.2 12.7
Phenylalanine 45.5 25.5 46.5 22.9 27.3 21.9 29.4
Threonine 23.9 19.9 35.1 20.4 20.2 19.5 24.6
Valine 29.2 21.9 41.3 27.5 26.5 21.0 32.9

Dispensable amino acids
Alanine 66.6 21.9 51.5 40.4 49.8 35.9 46.4
Asx® 43.2 58.8 112.0 50.1 45.5 51.2 67.7
Cysteine 21.5 10.4 08.4 14.5 11.9 13.2 1.2
GIx® 170.3 99.6 162.0 74.6 89.8 76.9 101.0
Glycine 18.9 21.9 38.8 30.8 25.7 26.6 325
Proline 55.1 255 445 245 334 241 29.9
Serine 41.0 28.1 50.5 23.2 25.7 23.4 30.6
Tyrosine 35.8 18.1 32.2 16.2 20.8 15.7 20.6

" Corn gluten meal, Rangen, Inc., Buhl, ID, USA.

2 Dehulled, solvent-extracted soybean meal; Rangen, Inc., Buhl, ID, USA.

3 Soy protein isolate, Pro-Fam®, Archer Daniels Midland, Decatur, IL, USA.

4 Nitrogen-free extract (100 — moisture — crude protein — crude lipid — ash — fibre).
> Aspartic acid + asparagine.

5 Glutamic acid + glutamine.
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Differences in apparent nutrient availability were analysed
using the model statement for a Latin square design:

Yije = p+1; + column; + rowy + &,

where I represents the main effect of test ingredient, column
represents variation due to tank, and row represents varia-
tion due to week. Analysis was performed using the general
linear model procedure of sas with software package version
9.1 (SAS Institute, Cary, NC, USA). Residuals were analysed
to evaluate normality of distribution and homogeneity of
variance. Where main effect differences were detected pair-
wise contrasts between the three ingredients were evaluated.
Significance was reported at P < 0.05 unless otherwise sta-
ted. Where analysis indicated row or column effects in
3 g L' salinity (alanine) or 28 g L™! (glutamic acid + glu-
tamine) no further analysis was conducted as row and col-
umn both represent restrictions on randomization making
the F-test questionable. Regression analysis was performed
with test ingredient protein and energy as independent vari-
ables and apparent energy digestibility (AED) as the depen-
dent variable.

Results

Total ammonia-nitrogen ranged from 0.00 to 0.21 mg L™
and 0.01 to 0.17 mg L™ for the low-salinity and saltwater
systems, respectively. Nitrite-nitrogen was 0.04-5.01 and
0.04-0.56 mg L™ for the low-salinity and saltwater systems,
respectively. The pH and alkalinity ranged from 6.92 to
8.08 mg L™! and 138 to 190 mg L™ as CaCO; at 3 g L™
salinity and from 6.62 to 7.95 mg L™" and 86 to 139 mg L™
as CaCO; at 28 g L™! salinity. Values were within acceptable
ranges for Florida pompano (Watanabe 1995; Weirich &
Riche 2006). No mortalities occurred during the experiment.

Apparent crude protein digestibility (ACPD) was signifi-
cantly higher in the soy products than CGM at low salinity,
but not in sea water where no differences were detected
(Table 3). The AED was higher from SPI than CGM and
SBM at low salinity. Despite a decrease in AED of the soy
products at 28 g L', the coefficient for SPI remained higher
than SBM, but not CGM.

Insufficient faeces necessitated reporting apparent Met and
Cys availability on either two or three samples. Therefore,
statistical analysis was not performed on these two AA.
Significant differences in apparent amino acid availability
(AAAA) were detected for phenylalanine (Phe) and glutamic
acid + glutamine (Glx) at 3 g L™! salinity (Table 4). No
other differences were detected at low salinity. Although not

Table 3 Mean (SEM, n = 4) apparent crude protein (ACPD) and
energy (AED) digestibility coefficients (%) for soybean meal, soy
protein isolate and corn gluten meal fed to Florida pompano
Trachinotus carolinus adapted to 3 or 28 g L™ salinity

ACPD AED
Test ingredient 3gL™ 28gL" 3gL" 28¢g L™
Reference diet 72.8 (0.5) 74.7 (1.1) 71.3(1.2) 72.3(0.7)

Corn gluten meal  81.9 (4.2)° 83.4 (2.9 77.4 (4.2)° 77.4 (3.4)
Soybean meal 92.2 (2.0 87.1(3.6) 70.5 (6.5)° 62.2 (4.0)°
Soy protein isolate 93.1 (1.9)* 85.0 (3.5)% 93.4 (2.5)* 78.1 (4.1)?

Mean values within a column having different superscripts were
significantly different (P < 0.05).

Table 4 Mean (SEM; n = 4) apparent amino acid availability
(AAAA) coefficients (%) for soybean meal (SBM), soy protein iso-
late (SPI) and corn gluten meal (CGM) in Florida pompano
Trachinotus carolinus adapted to 3 g L™ salinity

Reference

Amino acids diet CGM SBM SPI

Indispensable
Arginine 83.3(1.0)  73.5(23.3) 102.0 (7.4) 95.3 (1.4)
Histidine 80.3(0.6) 76.8(6.1) 103.3(9.0) 92.5(4.5)
Isoleucine 80.4 (1.2) 68.1(10.4) 91.8(11.7) 96.4(1.7)
Leucine 86.1 (0.3) 88.1(4.3) 92.1(1.1) 94.7 (1.0)
Lysine 81.9 (1.1)  76.2 (17.9) 100.0 (4.7) 94.1 (2.6)
Methionine’  83.0 (1.8) 100.0 (2.8) 110.1 (6.0) 105.7 (8.1)
Phenylalanine 84.0 (0.5) 83.2 6.7 97.0 3.5 95.1(2.7)°
Threonine 75.3(1.0) 81.0 (9.4) 92.3 (6.0) 89.9 (6.4)
Valine 82.2 (2.0) 81.6(7.9) 85.6 (8.5) 98.6 (3.1)

Dispensable
Alanine 81.5(1.3) 91.5 (5.0) 89.7 (10.9) 96.4 (2.0)
Asx? 73.9(0.3) 79.3(7.1) 87.7(3.8) 90.9 (4.1)
Cysteine1 84.5 (0.5) 67.8(10.9) 91.5(3.3) 82.8 (5.2)
Glx3 80.0 (0.6) 86.5(3.7)° 94.0 (3.1) 93.8(3.1)?
Glycine 71.8(1.4) 72.8 (9.8) 71.7 (12.3) 88.4 (2.7)
Proline 73.5(0.7) 84.2(3.5) 88.9(2.5) 93.1(3.4)
Serine 79.3(1.3) 849(73) 945(4.4) 93.6 (3.5
Tyrosine 83.1(1.0) 84.8(9.2) 99.4(7.1) 92.9(3.4)
Overall 80.2 (1.0) 81.2 (2.0) 93.6 (2.1) 93.8 (1.2)

mean AAAA

Different superscripts across a row indicate significant differences
between ingredients tested (P < 0.05).

" Not statistically evaluated due to insufficient material for suitable
replication (n = 2).

2 Aspartic acid + asparagine.

% Glutamic acid + glutamine.

statistically different, the overall pattern suggests that AAAA
appears higher from soy products than CGM at low salinity
in agreement with ACPD. The availability of Met
approached 100% for all ingredients. Overall mean AAAA
was similar to ACPD for all test ingredients, they were 81.2%
and 81.9% (CGM), 93.6% and 92.2% (SBM), 93.8% and
93.1% (SPI) for AAAA and ACPD respectively.
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Table 5 Mean (SEM; n = 4) apparent amino acid availability
(AAAA) coefficients (%) for soybean meal (SBM), soy protein iso-
late (SPI) and corn gluten meal (CGM) in Florida pompano
Trachinotus carolinus adapted to 28 g L™" salinity

Reference

Amino acids diet CGM SBM SPI
Indispensable

Arginine 87.5 (0.6) 89.0 (3.3) 78.1 (10.2) 79.4 (16.8)
Histidine 81.1(1.1) 84.4 (5.5 88.7 (7.7) 83.6 (4.6)
Isoleucine 81.6 (1.6) 79.6 (5.4) 84.6 (17.9) 91.9 (5.9)
Leucine 87.7 (0.7) 92.0 (1.4) 85.6 (7.1) 85.4 (5.6)
Lysine 83.0 (0.4) 77.4(7.9° 956 (2.1 83.8 (4.2)®
Methionine’  87.9 (0.3) 92.9 (1.8) 93.9 (6.0) 90.2 (4.5)
Phenylalanine 85.6 (0.4) 90.2 (0.9) 79.6 (11.8) 85.2 (3.5)
Threonine 73.2 (3.5) 87.6 (5.3) 105.3 (4.8) 87.7 (9.3)
valine 86.2 (0.6) 84.6 (0.8)*® 75.7 (5.3)° 88.1 (5.0)°
Dispensable

Alanine 84.9 (0.7) 88.7 (1.9) 80.9 (10.9) 81.6 (5.3)
Asx? 73.7 (2.4) 79.0 (6.2) 98.7 (15.4) 80.6 (5.6)
Cysteine’ 85.3 (1.0) 68.3(1.7) 73.7 2.4) 51.9 (8.1)
GIx® 81.9 (0.4) 86.8 (2.8) 87.9 3.0) 86.2 (3.5)
Glycine 72.5 (1.5) 68.8 (9.6) 86.1 (16.4) 77.0 (7.3)
Proline 77.6 (0.4) 843 (3.1) 79.5 (8.2) 84.2 (4.1)
Serine 75.7 (3.8) 93.1(5.5) 105.7 (4.8) 92.4 (6.8)
Tyrosine 85.5 (0.5) 89.3(1.2) 70.6 (19.2) 88.5 (4.2)
Overall 81.8 (1.3) 84.5(1.8) 86.5 (2.5) 83.4 (2.2)
mean AAAA

Different superscripts across a row indicate significant differences
between ingredients tested (P < 0.05).

" Not statistically evaluated due to insufficient material for suitable
replication (CGM, n = 3; SBM, n = 3; SPI, n = 2).

2 Aspartic acid + asparagine.

% Glutamic acid + glutamine.

Significant differences in AAAA were detected for lysine
(Lys) and valine (Val) at 28 g L™"' (Table 5). Availability of
Lys was higher from SBM (95.6%) than CGM (77.4%), and
neither was different from SPI (83.8%). Apparent availability
of Val was higher from SPI (88.1%) than SBM (75.7%), and
neither was different from CGM (84.6%). No other differ-
ences were detected at 28 g L™ salinity. As with low-salinity
treatments, overall mean AAAA was similar to ACPD for all
test ingredients. They were 84.5% and 83.4% (CGM), 86.5%
and 87.1% (SBM), and 83.4% and 85.0% (SPI) for AAAA
and ACPD respectively.

Discussion

Apparent digestibility of CP was high for all test ingredients
regardless of salinity, particularly relative to the reference
diet. The high ACPDs suggest a potential for these plant
proteins as partial replacements for fish meal in Florida
pompano diets. Apparent digestibilities of CP and GE from
the reference diet were lower than reported for some marine
species fed compounded diets (Santinha ez al. 1999; Peres &
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Oliva-Teles 1999; Sa et al. 2006). The reason is unclear;
however, the values in this study are similar to previously
reported values (75.8% and 73.3% for ACPD and AED
respectively) for juvenile Florida pompano fed the same diet
formulation (Riche, new characters, 2009).

Poor digestibility is one reason attributed to low feed
efficiency (FE) in Florida pompano (Tatum 1973; McMaster
1988; Lazo et al. 1998; Weirich et al. 2006). However, SBM
digestibility and AAAA at 3 g L™ salinity were similar to
that observed in yellowfin sea bream, Acanthopagrus latus
(Houttuyn) (Wu et al. 2006) and Atlantic cod, Gadus morhua
L. (Tibbetts er al. 2006). Also, ACPD for SBM at 28 g L™!
salinity was the same as reported for gilthead seabream,
Sparus aurata L. (Lupatsch et al. 1997). Although ACPD for
SBM was similar to that reported for haddock, Melano-
grammus aeglefinus L. (92.2%) and Cobia, Rachycentron
canadum L. (92.8%), AED was approximately 18-20% lower
in Florida pompano than haddock or cobia (Tibbetts et al.
2004; Zhou et al. 2004). Low apparent digestible energy
values from SBM were also reported in European seabass,
Dicentrarchus labrax L. (da Silva & Oliva-Teles 1998) and red
drum, Sciaenops ocellatus L. (Gaylord & Gatlin 1996).

De Silva & Perera (1984) suggested that lower protein
digestibility occurs in diets with higher protein. However, in
this study no difference in protein digestibility between soy
products was detected at either salinity despite 130 g kg™
higher protein in the SPI diet. Conversely, in this study AED
was directly proportional to dietary protein (* = 1.00) and
inversely proportional to dietary nitrogen free extract (NFE;
r* = 0.99). Utilization of plant starch is limited in fish,
particularly carnivores. Digestible energy tends to be nega-
tively correlated to dietary carbohydrate and positively cor-
related to dietary protein and lipid (Sullivan & Reigh 1995).
Carbohydrate digestibility in Florida pompano is about 50%
(Williams et al. 1985) underscoring its limited availability
and impact on energy digestibility.

Florida pompano have short digestive tracts. Intestinal
transit time for a fish meal/SBM diet was reported as 3 h in
seawater at 29-31 °C (Williams et a/. 1985). This was later
confirmed using the same dietary formulation serving as the
reference diet in this study (Riche, new characters, 2009). The
short transit may result in limited enzymatic contact time
attenuating digestion and absorption of nutrients, possibly
causing the poor FE reported for Florida pompano.

Faecal stripping was initiated 3 h postprandially. Consis-
tent results with previous trials (Riche, new characters, 2009)
coupled with the small SEM of coefficients in the reference
diet suggests that this was appropriate for the reference diet.
However, the high SEM of coefficients associated with the
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test ingredients, particularly AAAA coefficients for SBM and
CGM suggests incomplete digestion or possible interactive
effects. Composition, chemical, and physical characteristics
of feed can affect both. Also, faecal collection method affects
variability of availability values, with greater variability
observed using faecal stripping (Yamamoto et al. 1997).

Digestibility coefficients are also generally lower using
intestinal stripping relative to other methods (Hajen et al.
1993; Yamamoto et al. 1997). However, Glencross et al.
(2005) demonstrated feed ingredients high in carbohydrates,
such as SBM and CGM, affect faecal pellet integrity and
suggested that stripping is the preferred faecal collection
method for plant protein digestibility trials. Moreover, this
method obviates diluting nutrient concentrations by external
saltwater contamination of faeces.

Digestibility coefficients for SBM and SPI reported for
Chinook salmon, Oncorhynchus tshawytscha (Walbaum)
were much lower than for Florida pompano (Hajen ef al.
1993). Conversely, energy and N digestibility of SPI in
rainbow trout (Glencross et al. 2005) and Atlantic cod
(Tibbetts et al. 2004) were higher than for pompano, while N
digestibility for SBM was the same. The significant difference
observed in AED between SBM and SPI was also observed in
rainbow trout and Atlantic salmon, Salmo salar L. (Glen-
cross et al. 2004), again supporting the negative effect of
carbohydrates on digestible energy in carnivorous species.

Protein digestibility of the soy products was higher than
CGM at low salinity, but not at 28 g L™'. Energy digest-
ibility of CGM was similar in haddock, but ACPD in had-
dock was approximately 10% higher (Tibbetts et al. 2004).
Also, the energy digestibility coefficient of non-extruded
CGM in rainbow trout was similar to that reported here, but
increased substantially following extrusion (Cheng & Hardy
2003). It is likely extrusion processing would increase ADE
of CGM in Florida pompano as well.

The AAAA from SBM in Florida pompano was similar to
yellowfin seabream, Sparus latus (Houttuyn) with the
exception of Lys and Phe availability being higher, and Val
lower in pompano (Wu et al. 2006). In cobia, AAAA from
SBM was similar to Florida pompano, but that from CGM
was higher ranging from 93.2% to 96.9% (Zhou et al. 2004).
Overall AAAA of SBM and SPI reflected CP digestibility as
reported elsewhere (Yamamoto ez al. 1997; Allan et al. 2000;
Zhou et al. 2004).

The AAAA from CGM was 5.7-16.3% lower relative to
Australian silver perch, Bidyanus bidyanus (Mitchell) for all
indispensable AA except Met (Allan ez al. 2000). They were
also substantially lower than in rainbow trout where all
AAAA were >95% (Yamamoto et al. 1997). Pompano fed a

CGM based diet supplemented with AA to match their whole
body AA profile exhibited only 60% of the weight gain of
pompano fed a menhaden meal based diet with the same AA
profile (Riche; unpublished data). Results from this study
suggest that poor weight gain previously observed was due in
part to lower AA availability from CGM.

Apparent availability of Met was high for all test ingre-
dients, as it was in cobia (Zhou et al. 2004). The Met avail-
ability from test ingredients evaluated in low salinity was
100-110%, suggesting enhanced availability from the other
protein sources used in the test diets. However, caution
should be exercised in interpreting the Met values as insuf-
ficient material in some cases limited the number of samples
for estimating means.

Significantly, lower apparent Lys availability was observed
from CGM than SBM at the higher salinity (P < 0.05) and
appeared to be lower than both soy products at low salinity.
This is similar to that reported for Australian silver perch
(Allan et al. 2000), red sea bream, Pagrus major (Temminck
& Schlegel) (Yamamoto et al. 1998), and yellowtail, Seriola
quinqueradiata (Temminck & Schlegel) (Masumoto et al.
1996), but the opposite of cobia (Zhou et al. 2004) and
Atlantic salmon (Anderson et al. 1992). Lower Lys avail-
ability from CGM relative to the soy products may be an
artefact of lower Lys in CGM. Analysis of test ingredients
indicated Lys was 53.6, 30.6 and 10.0 g kg™' dry matter for
SPI, SBM and CGM respectively. At low dietary Lys,
endogenous sources account for more of the recovered Lys
masking true availability and depressing apparent availabil-
ity. The 10% increase in true Lys availability over apparent
Lys availability from CGM in red sea bream (Yamamoto
et al. 1998) and yellowtail (Masumoto et al. 1996) support
this hypothesis.

The low CGM coefficients and high variability for Arg
(SEM of 23.3%) and Lys (SEM of 17.9%) in the low salinity
treatment are attributable to high recovery of these AA in
one faecal sample resulting in AAAA for that replicate of
6.5% and 29.1% for Arg and Lys respectively. Removal of
that sample from consideration would have resulted in
coefficients of 95.8% and 91.9% for Arg and Lys, respec-
tively, which are similar to the other ingredients. Although
residuals of the coefficients tested as outliers (Snedecor &
Cochran 1967), the coefficients were not removed from
analysis because row and column effects could not be ruled
out. Moreover, it is possible the coefficients could represent
true variability in AAAA for a marine species held at low
salinity.

Although the experimental design precludes statistical
analysis of test ingredients between the two salinities, the
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trend was towards higher ACPD and AED from SBM and
SPI for pompano reared in low salinity water relative to
seawater. This could result in lower FE in saltwater and
suggests that dietary protein may need to be higher for
production in saltwater as reported for other species (Zeitoun
et al. 1973; Lall & Bishop 1976). The data suggest that fur-
ther research is warranted to determine if digestibility values
are lower in a seawater environment.

In summary, the ACPD of SBM and SPI were >90% in
low salinity, and significantly higher than CGM. However,
no differences in ACPD could be detected between the
three ingredients in seawater. As the ACPD coefficient for
CGM was similar between the two salinities it appears
protein digestibility of the soy products may be lower in
seawater than freshwater, although this could not be tested.
The AED for the three test ingredients exhibited a parallel
response to salinity as the ACPD. The AED of SBM was
significantly lower than SPI and was likely due to the CP/
NFE ratio as there was a positive linear relationship
(* = 1.00) with protein and inverse relationship
(* = 0.99) with NFE. The overall AAAA from the test
ingredients was similar to the ACPD coefficients and sug-
gests that SBM, SPI and CGM should be further evaluated
as partial fishmeal replacements in Florida pompano diets.

Application of the protein, energy and AA coefficients for
SBM, SPI, and CGM generated in this study can be used
to develop well-balanced, low-cost diets for Florida pom-
pano reared in low salinity or in seawater addressing one of
the obstacles to large-scale commercial production of this
species.
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